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The sorption of influenza viruses and antibiotics on carbon nanotubes and polyaniline nanocomposites 
Introduction
Drugs and especially antibiotics became the new type of environment pollution. The development drug delivery system is an actual problem for medical centers, hospitals, in cattle breeding and poultry farming. The modern drug delivery systems based on conducting polymers: polyaniline and polypyrrole [1] . These polymers were noncytotoxicity, biocompatible and began to use in biomedical applications. Now polyaniline has been demonstrated to be the most important conducting polymer due to its good environmental stability low cost, ease of processibility, oxidation-protonation adjustable electrical and optical properties [2] . Due to electronic and electrochemical properties polyaniline is highly sensitive to molecular interactions and can provide signal transduction function for molecular detections. It can release the drug with the help of acid-base interaction or its reduction-oxidation activity. The possibility to use an electrical stimulation made this delivery system long-time functional and reversible. It was shown recently that polyaniline specifically interact with influenza viruses and surface HBs-antigen of hepatitis B [3, 4] . Such infection as poliomyelitis, Hepatitis A, influenza caused by pandemic strain A(H1N1)v, influenza bird viruses and others infections can be spread by the water way. The important task is to create the anti-viruses filters for prevention infections spreading. This study continued the serial investigations devoted to the interactions between modern nanomaterials and viruses. The aim of this work manufacturing the antibiotic delivery system and virus control system based on polyaniline composite materials.
Experimental

Preparation of polyaniline and its composites
The chemical synthesis of polyaniline ( Fig.1) was performed in the usual manner throw the oxidation of 0.1 M aniline by the 0.1 M ammonium persulphate in 0.5 M aqueous solution of HCl at room temperature. The formed polyaniline salt after precipitation was converted to the polyaniline base after the treating polyaniline salt by the 0.5 M aqueous solution of NH 3 . After precipitation and washing this base was used as sorbent in our experiments. The polyaniline interpolymer complexes with polypropylamidopropanesulfonic acid (PAMPSA) was obtained in the same manner [5] . The sorbents -poyaniline base and composites were obtained in A.N. Frumkin Institute of Physical Chemistry and Electrochemistry, RAS. Published under licence by IOP Publishing Ltd
Preparation of Multiwalled carbon nanotubes
Multiwalled carbon nanotubes (MWCNT) were firstly described by Iijima [6] .They manufactured by the catalytic chemical vapor deposition method (Nanotechcenter, Tambov, Russia). MWCNT consisted of particles 40-80 nm in diameter and up to 10 μm in length (Fig. 2) . The specific conductivity of MWCNT is 40 S cm -1 . Specific surface area of the material is average 60-100 m 2 /g, porosity more then 70%. The pore distribution is very narrow, more then 90% of pores belong to diapason 20-80 nm. Carbonaceous material was purified with mixture of concentrated acids and the residual catalyst content was equal to about 1% wt. MWCNT were coated with the polyaniline layer ( Fig. 3) according [7] . This composite material was prepared by the method of in-situ aniline polymerization in the presence of MWCNT. Polyaniline content is 30% wt. The conductivity of composite material 10 S cm -1 independent of polyaniline doping level, specific surface area and porosity 50 m 2 /g and 60% corresponding. The (MWCNT) covered polyaniline base were obtained in Institute of Macromolecular Compounds RAS. 
Virus cultivation
The pandemic in Russia in 2009-2010 was caused by the active circulation of the variants of first influenza pandemic strain А/IIV-Moscow/01/2009 (H1N1)swl [8] . This virus was isolated in Institute of Virology RAMS. It was similar reference strain A/California/7/2009 (H1N1)v .The viruses were grown in 9-10 embrionated eggs strains were studied. The hemagglutination test with human erythrocytes was used to determined viruses in solutions. RP HPLC analysis of the antibiotics in solution before and after sorption was performed on a Milichrom A-02 microcolumn liquid chromatograph (ZAO Econova, Novosibirsk, Russia) with stainless steel columns of the dimensions 2.0 x 75.0 mm packed with the Nucleosil 100-5C18 PAH sorbent from Macherey-Nagel (Germany). The columns were thermostated at 35°C. Antibiotic solutions in water with concentrations ranging between 0.2 mg/ml were used for the analysis. The volume of the probe injected was 15 μl. Two detection wavelengths λ 214 and 280 nm were used for the analysis. The analysis time ranged between 20 and 25 minutes for all the antibiotic preparations analyzed. Elution with linear acetonitrile gradient from 0 (eluent A, 0.1% solution of TFA in water) to 100% (eluent B, 0.1% solution of TFA in acetonitrile) at the flow rate of 100 μl/min was used. The reagents were dissolved in deionized water purified by a Milli-Q® Plus device from Millipore (France); acetonitrile used for HPLC was from Sigma-Aldrich (Germany).
Antibiotic cultivation and registration
Antibiotics static sorption was studied according to the following procedure: 600 μl of the antibiotic solution with the concentration 0.2 mg/ ml was added to a portion of the sorbent (1.25, 2.5 or 5.0 mg). The resulting suspension was incubated for 15 min., 1.0, or 18 hours at 18-20°C. After sorption, the antibiotic solution was separated from the sorbent by centrifugation for 5-7 min at 5600-8850 g in a Beckman Coulter™ Microfuge® Centrifuge (United States).
Antibiotic amount determination in the starting solutions and the supernatants was performed using RP HPLC on a Milichrom A-02 liquid chromatograph as described above. Quantitative analysis of chromatographic data was performed using the program MultiChrom-SPEKTR for Windows 9. & NT, version 1.5x_E (Ampersend, Russia).
Interaction of viruses with sorbents
The method of investigation virus-sorbent interaction was developed by Ivanova et al [3] . It includes some stages: intensive contact virus + sorbent on shaker during different time diapazones (15min-1 h) in range of temperature (8-25°C), low speed centrifugation (2000 circle /min), the determination virus in solutions before and in supernatant solutions. In the case of influenza viruses was used hemagglutination test with human erythrocytes. The sediment (virus+ sorbent) after centrifugation represents the immunosorbent. The experiments were carried out with the follow solutions: H 2 0 after previously special treatment by heating to destroy other pathogens, 0.15 M NaCl in H 2 0, 0.1 M Tris-HCl buffer (pH 7.2), allantoic liquid of chicken embryons. The next objects for investigation were some practically important antibiotics-polypeptides: bleomycetin, gramicidin S, polymyxin B и teicoplanin A2. The influence of contact time (15 min, 1 h, 18 h) for the sorption on CNT was investigated in experiments at Т=22°С (Fig.5) . It was shown that antibiotics (the concentration С=0,2 mg/ml) gramicidin S и teicoplanin A2 removed from water solutions during 1 hour, polymyxin B and и bleomycetin -18 hours (Fig.5) . The dependence of sorbent mass of CNT (1.25, 2.5, 5 mg) for the sorption was analyzed too at Т=22°С, (Fig.6) . It was established that the optimum sorbent mass is 5 mg, when all antibiotics (C= 0,2 mg/ml) adsorbed. The gramicidin S и teicoplanin A2 removed from water solutions during 1 hour, polymyxin B and bleomycetin -18 hours. After the analysis of these data we make the conclusions that the relationship to the sorbent is determined by the structure of antibiotic. The hydrophobic antibiotics--gramicitin S и teicoplanin A2 absorb more completely at the same condition, than hydrophilic positive charge antibiotics polymyxin B and bleomycetin. Early we established that the antibiotics, gramicidin S и teicoplanin A2 removed from solution on sorbent CNT + Pan at 97-100% during 1h, in the case of Pan-base at 94-100% during 18 hours [9] . The data direct that affectivities of these antibiotics as an absorbent depends on hydrophobic properties of Pan-base, CNT+ Pan. The sorbent CNT+ Pan has more hydrophobic properties, then Pan-base, because when at the all parameters of the sorption hydrophobic antibiotics gramicidin S и teicoplanin A2 interacted with CNT+ Pan more intensive (1 hour). It is known that CNT can absorb gas (dioxin), liquid and dissolvable substances [10] . The interaction of CNT, Pan-base and composites prepared on their base with influenza viruses can be used for the creation of the effective filter for water decontamination from micro pathogens.
Results and discussion
Conclusion
The analysis of the data obtained evidences that the elaborated sorbents (CNT, CNT+ Pan, Pan-base) are perspective for utilization as water filter for decontamination micropathogens from different solutions and in biotechnology for isolation and purification of antibiotics-polypeptides from culture liquids. It is established that antibiotics polypeptides -teicoplanin A2, gramicidin S, polymyxin B and bleomycetin are able to absorb by MWCNT most intensive. It was shown that antibiotics sorption depends on as structure and properties of the antibiotics as on hydrophobic properties of sorbents.
